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AnHoTtanms. PaccMorpena paboTocnocoOHOCTE MeTona criiakeHHbIX yacTuil (SPH) mist pac-
YyeTa HampspkeHHO - aedopmupoBanHoro cocrosiuus (HIC) yrimemopomHoro maccuBa € y4eTOM
BO3MOKHOCTH BO3HMKHOBEHMs BbIOpoca. OCHOBHOM 3ajaueil ObUIO MONTydYeHUE KAaueCTBEHHBIX pe-
3yJlbTAaTOB IMOCIEICTBUI MPOBEAEHUS BBIPAOOTKH OYpOB3PBIBHBIM CIOCOOOM B TOPHOM MacCUBE
BOJIN3M BEIOPOCOOMACHOTO YTOJIBHOTO IJIACTA.

HccnenoBanue nokasaio, YTO MCHOJB30BaHUE MPEIOKEHHOTO MOAX0/1a MPU MOJETUPOBAHUI
MOBEJICHHUSI TOPHOT'O MAacCHBa C BBIPAOOTKOM OTKPBIBAET BO3MOXKHOCTD aJIeKBaTHOTO ONMCAHUS BHE-
3amHBIX BbIOpocoB. [loaTBepkaeHa 1menecooOpa3sHOCTh MPEACTABICHUS BBIOPOCOOMACHOTO YroJb-
HOT'O IIacTa MOCPEICTBOM 3HEPrOHACBHILIEHHON cpelbl. OCHOBBIBAsICh HA pE3yJIbTaTaX pPacueToB
IUIs BBIOPAHHOMN CXEMbl B3PBIBHOI'O MPOBEIEHHS BEIPAOOTKH MO>KHO BBISIBUTH MOMEHT U MECTO 3a-
POXIeHUS BBIOpOCA M OLICHUTH MOCIEICTBUS 3AMOJHEHUS IPOCTPAHCTBA BIPAOOTKHU BBIOpachIBae-
MBIMU OCKOJIKAMH TOpHOro maccuBa. IlodydeHHble pe3ynabTaThl MOT'YT ObITh HIPUMEHEHBI K JlaJlb-
HelmemMy U3ydeHHIo sBieHHH BbIOpoca. JlanbpHeline nccieaoBaHust He0OXO0JUMBbI, YTOObI TeperTH
OT KayeCTBEHHBIX PE3YJbTAaTOB K IOJIYYEHHIO KOJUYECTBEHHBIX XapaKTEPUCTHUK AJIS PA3IIUUHBIX
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BapHaHTOB ITAPAaMETPOB CXEM IPOBEICHUS BHIPAOOTOK, CUCTEMaTH3UPOBaHHAsE 00pabOTKa KOTOPBIX
MTO3BOJIAT TIOJTYYUTh WHXCHEPHBIC METOTUKH.
KuoueBble cjioBa: BEIOPOC, YIIICTIOPOIHBIN MacCuB, TOpHas BeIpadoTka, SPH-MeTox momenu-
poBaHUSI.

AKTyalabHOCTD. [Ipyu BemeHnn TOPHBIX pabOT B MIYOOKUX yTONBHBIX MTAaXTaX He-
penko mpoucxonar razoauHamudeckue spieHus (I'J1S). B mocnennee Bpemst kiac-
cudunupoBano nopsanaka 15 I'JIS, u3 koTopbix HanbosEe ONacHbBIM ISl paOOTAIOIIUX
IIAXTEPOB SBJSIETCS BHE3AMHBIN BHIOpOC yris U ra3a [1]. OgHuM U3 Takux sBJICHUN
SBJISIETCS] BHE3AITHBIN BBIOPOC YIJIS M Ta3a, IPOUCXOSIINA U3 MTHOBEHHO pa3pyIlIeH-
HOU TOpOABI KPOBJIM (ITOYBKI) MPU MPOBEJCHUU BHIPAOOTKH BOJIM3U BHIOPOCOOMACHO-
ro miacrta. Cieayetr OTMETUTD, YTO K HACTOSIIIEMY BPEMEHH BOMPOCHI OTPAOOTKH BbI-
OpOCOOIIAaCHBIX YTOJIbHBIX IUIACTOB JIOCTATOYHO YETKO PETJIaMEHTUPYIOTCS CyIlle-
CTBYIOUIMMH HOPMATHUBHBIMH JOKyMeHTamu [2]. OJHaKo COCTOSIHHE BBIOpOCOOIac-
HOTO YTOJBHOIO IJIacTa ¥ BMEIIAIOIIMX €0 OpPOJ KaK €QUHOTO IEJI0ro U3y4eHO He-
nocTaTouHo. Ha mpakTuke mpu BeICHUU TOPHBIX pa0OT B YrOJBHBIX IIAXTaX UMEIOT
Mecto razoguHamuyeckue siieHus (I'IS) nmpu pacnosioxkeHHH BBIOPOCOOIACHOIO
racta BOJIM3M TPoBOAMMOM ropHOi BeipaboTku [3]. [IpaBunamu 6e3onacuoctu (I16)
0e30macHbIe pacCTOSIHUA OT KOHTYpa BBIPAOOTKHU [0 IJIacTa ¢ YYETOM CTENEHH €ro
BBIOPOCOOIIACHOCTH U JPYTUX XapaKTEPUCTUK YTIEBMEMIAIONIUX TOPOJd K CoxKaje-
HUIO OINPEIENSIOTCS HEAOCTaTOYHO KOPPEKTHO. Tak, HEOJMHOKPAaTHO HMMENIN MECTO
I'JIA npu BeneHun ropHbIX paboOT B paccMaTpUBAEMBbIX yCIOBUsIX [3].

KpoMe H3710KEeHHOr0 ClieAyeT OTMETUTh, YTO K HACTOAIIEMY BPEMEHU BBIIIOIHE-
HO JIOCTATOYHO OOJIBIIIOE KOJMYECTBO AaHAIMTUYECKUX UCCIEOBAaHUI MEXaHU3Ma pe-
ammzanmu 1A [4- 9 u np.]. Oqau MeToauku ObLTM OCHOBAHBI Ha ydeTe mpeodiana-
IOIIEro BJIMSHUS Ha TMPOIECC Ta30BOro (Qakropa, APYrue — HaNpsHKEHHO-
ne(OpMUPOBAHHOTO COCTOSIHUS, TPEThU (PU3UKO-MEXaHUUYECKUX CBOUCTB. BBIIU BbI-
MOJIHEHBI Pa0OTHI C MOMBITKAMU y4€Ta HECKOIBKUX (PAKTOPOB OJHOBPEMEHHO IMyTEM
ydera rereporeHHocTd cpeasl [10- 13 u ap.] u T.4. OgqHaKO KOPPEKTHOTO PELIEHUS C
Y4€TOM OJJHOBPEMEHHO BCEX WJIM OOJIIIMHCTBA (PaKTOPOB, XapaKTEPU3YIOIIHNX SIBJIE-
HUE, MOoJy4YyeHo He Obu1o. U, K coXalleHHIo, 10 HACTOSAIIEro BpeMEHH, Bce (GaKTOphl,
XOTsl Obl YaCTUYHO YUYWTHIBAIOIIUE SIBJICHUS, HE OBUIM MOATBEPKACHBI PAaCUETHBIMU
MeToaamMu MojaenupoBanus. [loaTomy aBTopamu Oblia BeIOpaHa METOAO0JIOTHS TT03BO-
JISAIOIIAsl UCIOJIB30BaTh HOBBIM MOAXOJ YUCIEHHOTO MAaTEeMaTUYECKOTr0 MOJAEIHPOBaA-
HUU peanuzanus nporecca ['JIS ¢ ucnonb3oBaHeM HOBOM MOIENIM BEIOPOCOOTIACHO-
ro Mjiacra.

Takum oOpa3oM, aKTyadIbHOCTh UCCJICIOBAHHUM IO OIIEHKE COCTOSIHUS yTIETOPO/I-
HOTO MaccuBa BOJW3U BBIOPOCOOMACHOTO IIACTA JJII YTOUYHEHHUs O€30MacHbIX TMapa-
METPOB 3aJIOKEHHS BBHIPAOOTKU C MCTOJIB30BAHMEM HOBBIX METOAOJOTUYECKUX ITO/I-
XOJIOB OYEBH/IHA.

Hean: onpeneneHue BO3MOKHOCTEH BHIOPAHHOTO paCYETHOTO MOX0/1a HA OCHOBE
MeToja criaaxeHHbIx yactull (SPH) k pemenuto 3a1a4y nporao3a BEIOPOCOOTACHOCTH
TOPHOTO MaccuBa BOJM3U MPOBOJUMOI BBIPAOOTKH M ampoOaius OpUrHHAIBHOIO
GU3UKO — MEXaHWYECKOIro MOAXOAa Jis OMUCAHUS BBIOPOCOOMACHOTO YIOJBHOTO
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IJIaCTa, CYTh KOTOPOrO COCTOUT B TOM, UTO IUIACT MPEACTABISACTCS HEKOTOPHIM SHEP-
TOHACBHIIIICHHBIM MAaTEPUAJIOM.

Metoauka. C OMOUIBI0O KOMIBIOTEPHOTO MOJCIUPOBAHUS METOAOM CriIaXKeH-
Heix yactul, SPH (Smooth Particle Hydrodynamics) uccnenyercsi moBenenue mac-
CUBa TOPHOW MOPOJBI MPHU B3PHIBHOW MPOXOJKE TOPHOU BBIPaOOTKU, KOTOpas Oblia
3a5i0’keHa BOJM3U BBIOPOCOOIACHOTO YTOJIbHOTO TacTa. OnpenenstoTcsi OCHOBHBIC
napaMmeTphl: pacipeieJieHue HaNpsHKEHUH, BOSHUKAIOIIUX MTPU HATPYKEHUH, a TaKKe
oOpa3oBaHue obOJyiacTeld pa3pyllieHUus U BO3MOXKHOCTH 3BOJIIOIIMK BhIOpoca. B Teope-
TUYECKON YacTU HCCIEIOBaHUsI MPOBEACH BBHIOOP MOJEIHM PacCMaTpPUBAEMBIX MPO-
1I€CCOB, MOCTaBJICHA KpaeBas 3ajaya, NpejiokeH MeTol ee pemeHus. [Ipenpiayiive
WCCIIE0BaHUS MOKa3anu [14], 4yTo npuMeHeHrne METO/1a CIJIaKEHHBIX YAaCTHUIl B 33]1a-
Yax T€OTEXHUUYECKON MEXaHMKHU OCTaTo4HO 3¢ dexTuBHO. J[aHHBIE AJIsI UCCIEq0Ba-
Hust 0 BB u npyrux napameTpoB ObLIN B3AThl U3 HOPMATUBHBIX IOKYMEHTOB U JIUTE-
paTypHBIX UCTOYHUKOB IO CBOKMCTBAM TOPHOI'O0 MAacCHBa U MPOBEACHUIO OYPOB3PHIB-
HBIX pa0oT B maxrtax [2, 14, 16]. 910 uccinegoBanue ObLIO MIPOBEACHO HA KOMIIBIOTE-
pe cpenneit MmoiHocTH. Pacdet morpedoBain nopsiaka 10 yaco. B amnupuyeckoit ya-
CTH HCCJIEIOBaHUSI OCHOBHOM 3ajiayeil ObLJIO MPOSICHUTH MPUYUHBI BOSHUKHOBEHUS
BBIOpOCa TIPU paccMaTpuUBaeMoOil cXxeMe MpoBeJeHusi BbIpaboTku. IllpakTuueckas
YacTh BBIMIOJHEHA MyTEM KOMIIBIOTEPHOTO MOJIEIMUPOBAHUS MOCTABJICHHOW KpaeBOil
3aga4u, aHanu3a noixydyeHHoro HJ[C ropHoro maccuBa v BOJHOBOW KapTHHBI B MTOPO-
1€, YTOJIbHOM IJIaCTe U BMEIIAOIMX ero nopojaax. OCHOBHOM 3aiaueil Ha 1-m sTare
HCCIIEIOBAHUM OBLIO MOJyYeHUE KAYECTBEHHBIX PE3yJIbTaTOB MOCIEACTBUM MPOBE/Ie-
HUSI BBIPAOOTKHU B3PBIBHBIM METOJIOM B FOPHOM MacCHUBE BOJIM3U BBIOPOCOOIACHOTO
YTOJILHOTO TIacTA.

Pe3yabTartsl. VccienoBaHusi BBIOJHSIMCh B MHULMATUBHOM mopsike. [lomy-
YEHHBIE PE3YyJIbTaThl MPOSCHAT HEKOTOPHIE ACTIEKTHI peain3allii BHE3AITHOTO BBIOPO-
ca mpu BeAeHUU ropHbIX pador. IlomyueHsl kapTHHBI pa3pyuieHus 3apsaamu BB
MacCvBa TOPHOW MOPOJBI MPH TMPOBEACHUH BHIPAOOTKH BOJIM3H BBIOPOCOOIACHOTO
YTroJIbHOTO TuiacTa. Mcnonbs3oBaHue MeTOJa CIUIAKEHHBIX YaCTHUIl MO3BOJISIET MO BbI-
OpaHHOW METOJIOJIOTHU OTCIEAUTH 3aPOKICHUE U pa3BUTHE BHIOpOCA.

Hay4ynas HoBu3Ha. PeanuzoBaHa BHepBble OpUTMHATIbHAS BBIYMCIUTEIbHAS TEX-
HOJIOTHS JIJIsI PEIICHHs] pacCMaTPUBAEMOro Kiiacca 3aaad, 000CHOBaHA U CHOPMYITH-
pOBaHa MOJIENb IJIACTa KaK HEKOTOPOW SHEPTOHACKIILIEHHOW CPEIbI.

IpakTnuyeckasi 3HaUMMOCTh. HayuHast ¥ npakThueckasi 1IEHHOCTh pabOThI 3a-
KJIFOYAETCsl B UCCIICIOBAHUM SIBJICHUSI BLIOpOCA B TOPHOM MAacCHBE, TMHAMUKH YTJie-
MOPOJTHOTO MAacCHBa M €ro COCTOSHUA. BriepBbie MpeiioxKeHHBIN aBTOpaMU MOIXO0.
KOMITHIOTEPHOT'O MOJICTUPOBAHUS JJA€T UCCIAEA0BATESIM UHCTPYMEHT, KOTOPBIM MO3-
BOJISIET IPUHUMATh HAYYHO OOOCHOBAHHbBIE PELICHUS ISl BIOOpa 0€3011acHOrO Cro-
coba mpoBeIeHUS BHIPAOOTKHU.

Ha ocHoBaHuM pe3ynapTaTOB 3TOW pabOThl MPOCIEKEHA TUHAMHUKA MU3MEHEHMS
HaIpPsHKEHHO-1e(OPMUPOBAHHOTO COCTOSIHUAS TOPHOTO MAacCHBA MPU OypOB3PHIBHOU
MIPOXOJKE BBIPAOOTKM BOJIM3U BHIOPOCOOIMACHOTO YTOJBHOTO IJIACTa, MOJYyYEHBI Kap-
TUHBI PACIPOCTPAHCHUS BOJHOBBIX (PPOHTOB BIOJH OMPEASISIONIUX IPOIECC
HaIpaBJeHUH, 3apuKCHpOBaHA UCTOPUS U3MEHEHUS MMAPAMETPOB B XapaKTEPHOU TOU-
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K€ B OKPECTHOCTH Hambojee BEpOsSTHOTO BO3HMKHOBEHHUS BHE3AITHOTO BBIOpOCa U
IPUBEJICHBI XPOHOTPaMMbl 3BOJIIOIMH SIBIE€HUS BbIOpoca. OCHOBBIBAsICh Ha pe3yibTa-
Tax pacyeToB JJIs BbIOpPAHHOW CXEMbI MPOBEACHUS BBIPAOOTKH MOYKHO BBISIBUTH MO-
MEHT U MECTO 3apO’KACHMSI BBIOPOCA U OLIEHUTD MTOCJIEICTBUS 3all0JIHEHUS IPOCTPAH-
CTBa BBIPAOOTKHU BbIOPACHIBAEMBIMU OCKOJIKAMU M YaCTULIAMU pa3pyLIEHHON yIiemno-
pOIHOM Macchl. Borpekn oKuaaHusM, pe3yibTaThl pacyeTOB HE JTOCTATOYHO YETKO
HoKa3ajau I'paHUIlbl, 00pa30BaBILIEiCs MOCIe BbIOpOCA MOJOCTU B TOPHOM MAacCHBE.
[ToxazaHo, 4yTO IpU BHE3AMHBIX BHIOPOCAX MPOUCXOAMUT B3PHIBONIOAOOHOE I'a30Bble-
JICHHE C BBIOPOCOM B BBIPAOOTKY CMECH T'a30B U U3MENbYECHHOTO YTJIs, OCJIE KOTOPO-
ro B MacCHBE OCTAIOTCS XapaKTepHbIE MOJOCTH. BHIOpOLIEHHBIE METAH U YrOJIb pac-
MIPOCTPAHSAIOTCS N0 TOPHBIM BBIPAOOTKAM, HApyWAIOT BEHTWIALMIO, Pa3pylIaroT
Kperb BBIPAOOTKH M HEPEJKO SIBISIOTCS MPUYMHON B3PHIBOB, OOPYIIEHUN NOPOA U
MO’KApOB B IAXTAaX.

BrlloNIHEHHBIE HCCNEAOBaHUS TMOKa3aJId, YTO HCIOJb30BAaHUE MPEIJI0KEHHOIO
M0JIX0/1a IPU MOJAEIMPOBAHNH MTOBEACHUS TOPHOTO MaccHBa C BIpaOOTKOM OTKphIBa-
€T BO3MOXKHOCTb a/ICKBaTHOT'O OIMCAHUSI BHE3AMHBIX BEIOPOCOB U JIPYT'HX MPOLIECCOB
[epexojia BEIECTBA HA HOBBIE YHEPreTUUYECKUE YPOBHU. Pe3ylbTaThl UCCIIEI0BaHUS
MOKA3bIBAIOT JIOCTATOYHO LIUPOKHE BO3MOXKHOCTU BBIOPAHHOTO METO/A HCCIIEI0Ba-
Hus. OKOHYATEIbHBIM PE3YJIbTaTOM pabOThl OBLIO MOATBEPXKACHUE LieIecoo0pa3Ho-
CTH TPEACTaBIIEHUSI BHIOPOCOOINACHOTO YTrOJBHOIO IJIAaCTa MOCPEICTBOM 3HEProHa-
CBIILIEHHOT'O MaTepHala.

IMocranoBka npoodJiembl. Pemenue npoOiaemMbl BIOPOCOB SIBISIETCSA OAHOM U3 aK-
TyaJbHBIX 337a4 F€OTEXHUYECKOW MEXaHUKHU. B 3TON CBS3M MpPEACTaBISET UHTEPEC
peleHne MOIEIIBHON 3a/1auv O B3pBIBAHHUM IIIYPOBBIX 3apsa0B BB B roppoM maccu-
B€ B 3a00€ BBIPaOOTKH, MPOBOAMMON BOJIM3U BHIOPOCOOMACHOTO YTOJIBHOTO IUIAacTa.
dusnyeckasi IOCTaHOBKA 3a7a4u (GOpMYJIUpPYETCs CleayomuM oopazom (puc. 1).
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a - ropHasi mopojia; b - yroJbHbIH TUIacT; ¢ — 3apsaasl BB; d, e, f — moBepxHOCTH, Harpy>KEeHHBIE TOP-

HBIM J1aBJIeHHEeM; h - cB0OOIHAsI TOBEPXHOCTH — 32001 BBIPAOOTKH; 1 — KPOBIIS BBIPAOOTKU; A — JIH-

HUS IEPIEHIUKYIApHAs mmnypam ¢ 3apsanamu BB; B — nuaus Bnoaes yroaeHoro miacta; C — oxuaa-
eMasi Touka HavyaJia IposiBIICHUs BEIOpoca

Pucynok 1 — McxoaHas KOHQUTYpaIvs 3aJa4i U CXEMa PACTIONOKECHHS XapaKTePHBIX JTHHUM,
BJI0JIb KOTOPBIX MPOBOJUTCS aHAU3 JTUHAMHUKHU HaNpsHKEHUH U fedopMaluii B MaccuBe



30
ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexniuna mexanika. 2015. No123

B 3a00e BbIpabOTKM pa3MelIeHbl HIECTh MPOOYPEHHBIX 2-X METPOBBIX LIIMYPOB
) 45 MM, B KOTOpPBIX pa3MelleHbl 3apaapl Tunosoro BB ¢ npomexytkom 0,5 M apyr
ot apyra. 3apsanasl BB, skecTko 3arepMeTH3MpOBAHHBI CIIEHUATbHON 3a00HKO# 1 pas-
MEIIEHbl Ha PAacCTOSHUU | M OT mepemaHeil cTeHKu 3a0os. JleToHanus 3apsioB BbI-
nonHsiercss ogHoBpeMenHo. Ha paccrosauu 0,2 M BriryOb MaccuBa OT KPOBJIM BbIpa-
OOTKH PAaCIONIOKEH BHIOPOCOOIACHBIM YTOJBHBIN TMIaCT MOITHOCTBIO 1 M, KOTOpPBIi
MOJEIIUPYETCSI CIIOEM, KOTOPBIA aBTOPBI MPEACTABISAIOT HEKOTOPBIM 3HEPrOHACHI-
IIEHHBIM MaTepHaIOM. 3aJa4ya B JJAHHOW CTaThbe pacCMaTPHUBAETCS B IUIOCKOM MMOCTa-
HOBKE.
Metoa pemenus. [l pemeHus 3a1a4i U NOJTYYEHHUs] OOIIUX 3aKOHOMEPHOCTEN
1 0COOEHHOCTEN (hopMUPOBaHUS BBIOpOCA, IO HAllIEMY MHEHHUIO, B 3ajaue LeJIeco00-
Pa3HO HCIOJIB30BATh MOJEIb CKUMAEMOIO UACAIBHOIO YIPYTOIIaCTUYECKOro Teia
MEXaHUKHU CIUIOMIHON cpenwl [14, 15], koTopas mpu HE0OXOIMMOCTH TpaHCHOPMHUPY-
€TCS B MOJEJb MJICAJBbHON WIH BSI3KOM C)KMMAEMOW JKUIKOCTH, B MOJAEINb IIOPUCTON
Cpelibl, B MOJIEJIb CBHIITYYHX MaTepuaioB. Bo B3pbIBHBIX 3a/1ayaxX, BBUIY MPEBBILLIECHUS
B MOPSAJKA pa3 3HAYECHUHN XapaKTEPHBIX MapaMETPOB MPOLECCA, HE YUUTHIBACTCS BIIU-
SHHE CHJIbl TSKECTU U aTMOC(EpPHOro JaBJiE€HUS, T.€. BCE KOMIIOHEHTHI TEH30pa
HaTPsHKCHUN BHYTPU HEHArPY)KEHHBIX MaTtepualioB (oOyactu a u b Ha puc.l) paBHEI
HYJII0, @ Ha CBOOOJHBIX mMmoBepxHOCTsIX (N Ha puc.l) OTCYTCTBYIOT HOpMAaJbHBIC
HanpsikeHuss. OCHOBHAsI CUCTEMA YPaBHEHUN MEXAHUKH CIUIOIIHOW CPEZbI, BKIIOYA-
I0111asl 3aKOHBI COXPAaHEHUS MacChl, UMITYJIbCA U SHEPTUU UMEET BU/I:
é—Ui,FOJ PUi = jj \%E:Uijéij (1)

Tenzop HanpsKeHUS MOXKET ObITh 3alMMCaH KakK

O'ij :_P5ij +Sij’ (2)

rae P- naBienwue, Jj; - nenbra ¢pynkuus Kponekepa (djj =1 npu i=j, nnage dj; =0), S-
JIEBUATOP TEH30pa HAPSIKCHHUS.
Cuctema (1) 3aMbIkaeTcsi ypaBHEHUEM COCTOSIHUS JUJIs OTIPEICTICHUS] 1aBICHUS

P=K(p/p-1), (3)

rae K — Moaynb 00beMHOTO CXKATHS, W ONPEACIISIONIUMU COOTHOIIICHUSIMH TS Jie-
Buaropa Sjj (3akoH ['yka):

~ .1,
Sij +/ISij = Zﬂ(é‘u —§5ij8kkj. (4)

HuddepenurpoBanue mo BpeMeHH B (4) KOMIIOHEHTOB [€BHATOpa TEH30pa
HanpsHKEHUW IPOBOAUTCS B cMbiciie Symana [14].
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Sij = Sij — Sik@jk — S jk Dk » (5)
rae w;i=1/2 (Uj; — Uj;) — MomHOCTh 3Hepruu opmonsmMeHenus; A u 4 — ko3phunu-
eHThl JIsIMe; TOYKa HaJ CHMBOJIOM O3HAYacT MAaTEPUABHYIO MPOM3BOAHYIO MO BpeE-

MecHHU. BennuuHa S'J BBOOUTCA OJIA TOTO, YTOOBI 00ECIICYNTh HYJICBYIO CKOPOCTb HU3-

MEHEHUSI HAPSHKEHHOTO COCTOSIHUS CPEIbl TP BPAILICHUH €€ OTACIIbHBIX 3JIEMEHTOB
KaK >KECTKOTO 1I€JI0TO.

MHOXHTENb A MOJOXKUTENEH MPU TJIACTHYECKUX JedopMalusax CIBUra U TOXKJIe-
CTBEHHO paBeH HyJto npu ynpyrom casure. [Ipu A=0 nmonyuatorcst ypaBHenus ['yka B
muddepenuunansaoit popme. [lapamerp A MOXKHO ONpPENEIUTh, UCIOJIBb3Ys YCIOBHE
MJIACTUYHOCTH

1 1
ESUSU =§Yo, (6)

rae Yo — npeaen TeKy4ecTH.

Jis 3aMkHYyTOM cuctembl ypaBHenuid (1) - (6) craBuTcs KpaeBas 3amada C
HayaJbHBIMU U TPAHUYHBIMU YCJIOBHUSIMHM, COCTOSAIIMMH B TOM, YTO Ha CBOOOJIHBIX
noepxHocTsax (N Ha puc.l) obnacTu pacyera mojaraeTcsi paBEHCTBO HYJIIO BEKTOPa
Hanpsokenni. Ha moBepxnocTsix d, e, f, g (puc.l) 3amaercs ropHoe IaBicHHE
Po=5 MIla (~50 atm). Ha kpoBne i (puc.l) 3amaeTcsi yclioBHE HEHOJIBHYKHOCTH B
BEepPTUKAITLHOM HamnpasieHnn Vo=0.

TpeOyercst onpenenuTs KOMIIOHEHTBI TEH30pa HANPSLKEHUH Oy, 0y U Sy, BO BCEX
TOYKaX MCCIENyeMOro MacCUBa MU KOMIIOHEHTHI YIIPYIMX IEePEMENICHUN Uy U Uy IIpo-
U3BOJIBHOW TOYKH. /{151 pelieHus MOCTaBICHHOW KpPAaeBOW 3aJa4yu IPUMEHSIETCS Me-
Toa criaaxeHHbIX yactull (SPH) [14], xopo1io 3apexoMeH0BaBIIHNi ce0s mpu pere-
HUM MHOTHX 3aJ]ay T€0TeXHUYECKoi MexaHuku. Meton SPH — narpanxeBblii METO,
B KOTOPOM MaTepHasl pa30MBAETCs Ha YaCTHUIIbI, I KaXXI0W M3 KOTOPBIX B JIIOOOM
MOMEHT BPEMEHHU H3BECTHBI MAacCCa, MJIOTHOCTh, MOJOXEHUE, CKOPOCTh M HAMpsIKe-
Hus. [Ipyu 3TOM MHTErpUpOBaHUE ypaBHEHHW S | - W YaCTHUIBI IPOU3BOJIUTCS TO
CIIEIYIOLLEN CXeMe

n d
e +A{uiﬂ "2l dstIJ o= pl v At

Uin+1 =u/ +Atd—ti; Sin+l = Sin + At ——

(6)
IZie Xj - BEKTOp CTOJIOEI] IEKapTOBBIX KOOPAMHAT; Uj - BEKTOp —CTOJIOEL CKOPOCTEH;
Si- KOMIIOHEHTBHI JieBUATOpa TEH30pa HANPSDKEHUH; p - IUIOTHOTh; At - mar rno Bpeme-
HU.

3HaueHNs KOMIIOHEHTOB TEH30Pa HAIPSUKECHHH 0j' = BBIUMCIACTCS C MOMOIIBIO
YPaBHEHHS COCTOSHMS (3) 110 BBIYMCIICHHBIM 3HAUCHUAM IUIOTHOCTH pj '~ U JIEBHATO-
pa Sin+1.

Pe3yabTaThl pacueroB. Onucanue pesyabraroB. Ha pucynke 2 mokaszaH xa-
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PaKTEpP AETOHALMHM 3apsAJI0B, PAa3BUTHE YAAPHOU BOJIHBI OT B3PBIBAHHUS IIECTH 3apsI0B
BB B ropHOM MaccuBe, TOCTHKEHHMS €10 IUIACTa U Hadajla aKTUBALUU €0 MPOLECCOB

B BLI6pOCOOHaCHOM YT'OJIbHOM IIIIaCTC.

— | 120G

PR 2

=1 8015412

S 310ed2

|
A00de 82
] 1 862

Pucynok 2 - XapakTep mpoliecca 1eToHanuu 3apsaoB BB B maccuBe v akTHBaIUs yAapHOUN BOJIHOU
BBIOPOCOOIACHOTO TJIacTa

01 2 34 5 6 7 8 9 10,m

K momenty Bpemenu mopsinka 100 Mkc (puc. 2) BOTHBI HArpy>K€HHUS OT TPYIIIBI
B30pPBAaHHBIX B LIMypax 3apsaoB BB mocturator yrosbHbid miact (puc. 3) U npouc-

XOJIUT €T0 aKTHBAITHSI.
Pucynox 4 moxa3biBaeT Kap-

0,20 ; THHY TpPEUIMHOOOPa30BaHMsS B
/| MacCHBE TOPHOW TMOpoibl. Pa3Bu-
L TUE TPEIIUH O] IeHCTBHUEM TIOI-
pBIBa 3apsIOB TIPUBOAWT K BBI-
CBOOOXKJEHUIO XHUMHYECKH aK-
TUBHOTO KOMIIOHEHTa JHEpProHa-
CBILICHHOW  Cpeapl, KOTOpOH
IpeiCTaBlIseTCsl  BbIOpOCOOIac-

0,10 —

,
A £

ay

/1

0.00 S EEEFRL ¥
’ ~ ~
NG 01 2 3 4 6 7 M HPUH YrOIbHBIH IUIaCT.
ap Bonmxna aktuBanum  pacmpo-
CTpaHsETCs BAOJIb IIACTA.

Pucynok 3 - Pacnipeienenne 3Ha4eHU THHAMHYECKOTO " .
JIaBJICHMSI BJIOJIb JIMHUM A, IPOBEICHHON NEPIIEHINKY- AYHWHAC BCICH 32 HCH BOJIHBI

JISIPHO 3apsiaM Yepe3 UX CeperHbI

pa3rpy3KH, BBI3BIBAKOT Pa3phIXiIe-
HUE€ MaTepuaa.

AHanu3 pe3yapTaTOB MOJECIUPOBAHUS MOKA3aJl, YTO OBICTPBINA BBOJ SHEPTUU MO/~
pBIBa 3apsA0B MO3BOJSET CPOPMHUPOBATH B MPSMOI BOJHE HAPSAAY ¢ 00JACThIO IJia-
CTHUYECKOTo Jae(opMHpoBaHUS MaTepHalia 00JacTh PACTATHBAIOUINX TaHTECHIUANb-
HBIX HanpspkeHuil. PazMepsl o0nacTu pacTsITrMBarOIIMX HANpsOKEHHM MO Mepe pac-
MPOCTPAHEHHUS BOJIHBI yBenuuuBaeTcs. O0IacTu pacTATUBAIOIIUX HAMPSDKEHUH, Tpe-
BBIILIAIOIIMX MPEEN MPOYHOCTH MaTepualla Ha pa3pbiB, OXBATHIBAIOT BCE OOJIBIIYIO
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yacTh MaccuBa. B pe3ynpTaTe B 9TUX 00JaCTAX pealn3yloTcsi Hanbosee OnaronpusT-
HbIE YCIIOBUS Il 00pa3oBaHUs TPEIIMH. B ceueHusx pasrpaHMYMBaIOIUX epeme-
[IAeMYI0 YacTh M HETOJBUKHBIN MacCHB, BOSHUKAIOT nedopmaruu casura. [lpu no-
CTH)KEHUU UMM KPUTHUUYECKUX 3HAYEHHUM B ATUX CEUEHUSX TAKKE BO3HUKAIOT TPELIU-
HBI, ¥ IPOMCXOAUT BHIHOC YAaCTH MaTepuasia, B HalpaBJICHUH CBOOOJAHON MOBEPXHO-
CTH.

p. T/cM
N E,Of’\ 4 A0
. i
R S/
s N FEEEN S 4 i F
~ N:- e L Lo L
N A
05
[ili]
0 100 200 300 400 00 600 700 200 900 X, CM
Pucynok 4 - [Ipouecc TpeumHoobpazoBaHus B Pucynok 5 - PacnipocTpaneHue BOJIHBI 1aBie-
YIJIEHOPOJHOM MAaCCUBE B OKPECTHOCTHU B3PHbI- HUS TI0CJIe aKTHBAIIWH IJIACTa BAOJIb TUHHH,
BaHus 3apsa0B BB B npu3aboitHoit yacTu BbI- npoxosien B1oiab iuauu B (em. puc. 1) -
pabotkwu, t= 12 mc CepeaUHBI I1acTa

Pazpymenue peanusyercs 3a cuer nedopmaruii cxaTHs U CABUTA, BHI3BAHHBIX
HAauOOJBIITUMHU KaCaTEIbHBIMHU HAIPSKEHUSIMUA B BOJIHE. POJIb OTpa’KeHHBIX BOJIH B
IAHHOM cilydae BTopocTeneHHa. [Ipoucxopsiiee npopactaHue Mop W TPELIMH, 3a-
HOJHEHHBIX Ia30M, CO3/a€T BhIOPOCOOIACHBIE CUTYyallud B yrojibHOM Iacte. Poct
TPEUIUH MPOUCXOJUT B MOMEHT Pa3rpy3KH HAIPS)KEHHOTO COCTOSIHUSA B OKPECTHOCTH
3a00s. IIpu 3TOM BO3HHUKAIOT BOJIHBI IPOOJIEHUS U BOJHBI BHIOPOCA, UTO MPUBOAUT K
TOMY, YTO AaKTHBUPOBAHHBIN DHEPTrOHACHIIICHHBIN IUIACT MPOPHIBAET MOPOJAHYIO
npoOKy W pa3pyllieHHas YIJIEOpO/IHas Macca BhIPHIBAETCS CKOPOCTHBIM MOTOKOM B
0JIOCTH BBIPaOOTKH (puc. 6). [Ipu 3TOM CKOPOCTH pasjieTa JOCTUTalOT COTEH METPOB
B CEKYHJY.

OTtcnexxuBaHUEe MCTOPUU HM3MEHEHHUsS NapamMeTpoB B XapaKTEPHBIX MeCTax, B
gacTHocTH B Touke C (puc. 1) B okpecTHOCTH Hanbosee BEpOSTHOTO MPOphIBa MPoo-
KH BOJIM3HM BBIOPOCOOITACHOTO TIIacTa MO3BOJIAECT MPEACKa3aTh MOMEHT Hadajia BbI-
Opoca JIsi paccCMaTpPUBAEMOM CXEeMbl BBIPAOOTKH, MTPOBOJUMON OypOB3PHIBHBIM Me-
TOJIOM.

Ha pucyHke 7 moka3aHO W3MEHEHHE BO BPEMEHH MacCOBOW CKOpPOCTH TOYkH C.
BunHo, 9yTo pu B3pbIBHBIX paboTax BOJIM3U BHIOPOCOOMACHOTO IUIACTa, B OTIHYUE OT
cllydasi IpOBEIEHUS BHIPAOOTKM BOJIM3M HEBBIOPOCOOMACHOTO IJIAaCTa, B HAILIEM CITY-
yae nocie 300 Mkc HaOmomaeTcss Oe3BO3BpATHOE JABMKEHUE MaTepuaja BHHU3, YTO
SBJISIETCS SIBHBIM MPU3HAKOM Hayala MpopbiBa MPOOKH.
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Pucynok 6 - MoenbHBIN pacdeT BHE3AMHOTO BBIOpoca B yrienopoaaom maccuse (b), T =12
MC. (a) — pacueTHasl KapTHHA B TOT € MOMEHT BPEMEHH ITPH HAINYUU HEBBIOPOCOOIIACHOTO YT OJIb-

HOro 1mjiacra

0,02 et

0.00 —— \ i
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-0,08 l

1

BETHRAALHAN CROPOCT, CHNKE

-0,10 -

-0,12 -
0 100 200 300 400 500
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Pucynoxk 7 - UcTopust "3BMEHEHHS CKOPOCTH YaCTHI] TOPHOTO MaTepHaia- TOYKH IepeceueHus Jin-
HUU, IPOXOAIIEH Yepe3 CepeNHbI 3apsi/I0B C IMHUEH HIKHEW TPaHUIlbl IJIacTa — MecTo Hanboliee
BEpOSITHOTO TIPOPBIBA MPOOKH MPpH HEBBIOpOocoomacHoM (1) 1 BEIOpocoomacHOM (2) COCTOSITHUU Mac-

cuBa (touka C Ha puc. 1). [Tocie 300 MKC HaUMHAETCSI MPOPHIB MPOOKH — ABMKEHUE MaTepuaia
BHU3

Ha pucynke 8 mpeacraBieHbl pe3ybTaThl pacdeTa COCTOSIHHSI MacCHBa TOPHOMN
MOPOJIbl B PA3JIMYHBIE MOMEHTHI BPEMEHU (KUHOTPAMMBI ).
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Bpewms,
MC

Pacnpenene-

JlaBneHue CocrosiHre maTepuaia
HUE MaTepHralia

0,20

0,30

0,45

0,75

1,05

1,35

Pucynox 8 - Kunorpammsl 3apokeHnst BBIOpoca U3 BEIOPOCOOIIACHOTO YTOJIBHOTO TIacTa, Pacio-
JIOKEHHOTO BOJIM3H MTPOBOJUMON BBIPAOOTKH (YIPYroe —Cephlid, INIaCTUYECKOE - YEPHBIH)

Cocrosinue matepuaina (ynpyroe —

Bpewms, mc JlaBneHnue o o
CEpPBIH, MIIACTHYECKOE - YSPHBII)

2,3

13 33 h

.........

4,7

7,2

9,7

12,0

Pucynok 9 - ®@parMeHT KHHOTPaMMBI pear3allii BRIOpOca pa3pyIIeHHOHW YIIICTOPOJIHON MacChl B
MIPOCTPAHCTBO BHIPAOOTKH
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Pucynok 9 mokaspiBaeT mpoliecc BBIOpOCAa YacTHIl MaTepuaia yriernopoIHOTO
MacCHBa B MOJOCTh BHIPAOOTKH.

BbIBOaBI M IEPCIEKTHBBI PAa3BUTHSI HANIPABJICHUA UCCaeq0oBaHnid. OpraHuzo-
BaHa YIpaBJsoNas cpena st GopMUpOBaHUSI KOMIIBIOTEPHBIX MOJIEE BBIOPOCO-
OTACHBIX SIBJICHUW, UX pacyueTa U MOCTIPOLECCUHTA, a TAKXKE WU3MEHEHHS WM Lese-
HAIIPaBIICHHOTO BapbUPOBAHUS 3TUX MOJEIIEN B MPOLIECCE MHOTOBAPUAHTHBIX HCCIIE-
JIOBaHUM C 1eJIbI0 OOOCHOBAHUSI PAIlMOHAIBHBIX BapHAHTOB BEJCHHS BBIPAOOTKHU.
[IpennokeH MHCTPYMEHT aHaJu3a COCTOSIHUSL YTJIEHACBIIEHHOI'O MAacCHBa TOPHOM
MOPOIbI BONHM3M BRIPAOOTKH, KOTOPHINA, B OTJIMYHE OT paHee pa3paboTaHHBIX, pac-
CMaTpHUBAET BECh LIMKJI BHIOpOCA OT MOApPHIBA 3apsIOB 0 pasiieTa yris U NOpoAbl B
MOJIOCTh BBIPAOOTKHU

OTMmedeHHbIe 00CTOATEIBCTBA MO3BOISIOT 3aKIIOUYUTh, YTO HA OCHOBE HOBBIX aB-
TOPCKUX MOJXOJI0OB peann30BaH d(PPEKTUBHBIN ClEUATU3UPOBAHHBIA MPOrPaAMMHO-
MOJIEJIbHBIN KOMILIEKC ISl U3YYEHUS! BBIOPOCOOMACHBIX SIBICHUNA. JTO JA€T BO3ZMOXK-
HOCTbH IIEPEUTH B IOCIECAYIOIIMX UCCICAOBAHUAX K PEIIEHUI0 KOHKPETHBIX MPAKTU-
YECKHUX 3aay.

[Tonmydyennas pacueTHasi WH(pOpMaLUsg OCOOEHHO HEOOXoaMMa JUIsl MOCTPOCHUS
AJICKBATHBIX WHXCHEPHBIX MOJEJIEH, ONMUCHIBAIOIIUX YCIIOBUS, IPU KOTOPBIX BO3-
MOXKHA peanu3aliuis ycJIOBUM 00pa3oBaHHMsi BbIOpocoB. Pa3paborana meromosnorus
KaueCTBEHHOT'O OIpPECIICHUs] XapaKTePUCTUK (hparMeHTaIlMu TOPHOM MOPObl ecTe-
CTBEHHOTO W 3aJJaHHOTO JIpOOJICHUSI C MCMIOJb30BAHHEM PACUETHBIX JaHHBIX. [Ipu
ATOM KOHTHHYaJbHAasl CTAIMs pacyeTa 3aKaHYMBAETCS IMPOLEAYPON MOCTPOCHHUS 3a-
KOHOB PACIIPEJENICHHS] MacC Pa3pylIaeéMoOro MacCuBa, KaK CIUIOIIHON CyOCTaHUUU, U
€€ HayaJbHbIX CKOPOCTEM MO 30HaM pasiiera. Ha ciemyromem srane no nojrydaeHHOMY
paclpeeneHuI0 CKOPOCTEN CTABUTCS B COOTBETCTBUE OCKOJIOYHBIN MTOTOK NOPOJHOM
Macchl. [Ipu 3ToM BO3MOXKEH MOA00p aHATUTHUYECKOTO 3aKOHA paclpenesieHus pe-
aJTbHOMY Pa3JIETy OCKOJIKOB MOPOJBI M YT, NpUMEHsA Kputepuil cornacus [Iupco-
Ha. HakoHel, Ha 3aKII0OUYUTEIBHOM 3TAlle MOJYYEHHOMY PACIPEAECICHUIO OCKOJIOYHO-
r'O TIOJISI BO3SMOKHO YCTaHOBUTH B COOTBETCTBHUE TOAOTPad) CKOPOCTEH M MPOU3BECTH
OIICHKY (POPMBI MaKPOOCKOJIKOB.

Takum 00pazom, TpemyiokeHa METOAMKA PACUETHOTO OINpPEACIICHHs MapaMeTpoOB
B3PBIBHBIX MOJeH, hopMupyeMbIX 3apsinamMu BB, ocHOBaHHas Ha YHMCIIEHHOM pellie-
HHUM YIPYTOIUIACTUYECKUX 3aJ1a4 MEXaHWKU CIUIOIIHOM Cpelbl B IBYMEPHOW MOCTa-
HOBKe. [Ipu 3TOM K omnpenenseMbIM B NAIBHEUIIEM C JTOCTATOYHOW ISl NPAKTUKH
TOYHOCTBIO XapaKTEPUCTUKAM MOKHO OTHECTH T'€OMETPUUYECKHE, MACCOBBIE U KUHE-
MAaTUYECKUE MapaMeTPbl OCKOJIOYHBIX MAKETOB JIBUKEHUS pa3pyIIEHHOW yTJIEHOPO-
HOM MaccChl — BPEMEHHBIE PACIIPEACIICHUS MACC U CKOPOCTENW OCKOJIKOB ISl 3apsiiOB
BB — xapaxrep 3aTyxaHus yZapHbIX BOJH B OKpyskarouien cpeae. [IponemoncTpupo-
BaHbl BO3MOYKHOCTH PACUETHON METOJMKHU Uil MOJIETUPOBAHMS OBICTPONPOTEKAIO-
mux npoueccoB. [IpeacTaBiaeHsl HanboIee HHTEPECHBIE, C HAIIEH TOYKHU 3pEeHHUs], pe-
3yJIbTaThl, OJYYEHHBIE C UCMNOJIb30BAHUEM PEATM30BAHHON METOIUKHU.

[Tomy4yeHHBIE pe3yabTAThl MOTYT OBITH TPUMEHEHBI K H3YUYCHUIO SIBIICHUIA BHIOPO-
ca. JlanpHeimme uccieoBanrs He0OX0IUMBI, YTOOBI TIEPEHTH OT Ka4E€CTBEHHBIX pe-
3yJIbTATOB K IMOJIYYEHHIO KOJIMYECTBEHHBIX XaPAKTEPUCTHUK IS Pa3JIMYHBIX BapUaH-
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TOB IMapaMeTPOB CXEM MPOBEACHHS BHIPAOOTOK, CHCTEMAaTH3MpOBaHHAs 00paboOTKa
KOTOPBIX IO3BOJIUT IOJIyYUTh OCHOBHBIE MOJIOKEHHSI HHKEHEPHBIX METOTUK.
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AHoTauis. Po3rasHyTo mparesgaTHicTh MeToay 3miakeHnx dactok (SPH) mms pospaxyHky
HanpykeHo - aedopmoBanoro crany (I1/IB) ByriaeBMiCHOro MacuBy TipChbKOi OPOJH 3 ypaxyBaH-
HSIM MO>JIMBOCT1 BUHUKHEHHS BUKUAY. OCHOBHHUM 3aBJaHHSAM OYJI0 OTPUMAaHHS SIKICHUX pe3yibTa-
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TiB HACJIJKIB MPOBEJCHHSA BUPOOOK BUOYXOBUM METOAOM B IipCbKOMY MAaCHBi MOOJIM3Y BUKHIOHE-
0€31eYHOro BYTr'JIbHOTO IUIACTA.

JlocmiKeHHs 0Ka3ajo, 0 BUKOPUCTAHHS 3allpOINOHOBAHOTO IMiJXOAY IPU MOEIIOBaHHI Io-
BEIHKH TIPCHKOIO MAacHUBY 3 MOPOKHHHOIO BIJJKPUBAE MOXIIUBICTH aJI€KBAaTHOI'O OIKCY PalTOBHX
BUKUIB. [linTBEp)KEHO AOLUIBHICTh MPEACTABICHHS BUKUIOHEOE3MEUHOr0 BYTUIBHOTO IJIacTa 3a
JIOTIOMOTOK0 €HEPTOHACHYECHOTO CEPEOBHINA. [ pYHTYIOUHCH HA pe3yiibTaTaX PO3pPaxyHKIiB JUIst BUO-
paHoi CXeMH MPOBEACHHS OypOIiIpUBHUX BUPOOOK MOKHA BUSIBUTH MOMEHT 1 MiCIIE 3apOJKECHHS
BUKH[Y 1 OLIIHUTH HACIIAKH 3aII0OBHEHHSI IPOCTOPY BUPOOKH OCKOJIKAMH TPCHKOIO MacHBy, 110 BH-
KugaroThea. OTpuMaHi pe3yabTaTd MOXKYTh OYTH 3aCTOCOBaHi /10 BUBUEHHS sBUIL BuUkuay. Iloma-
JIBIII JTOCITIJKEHHS MMOTPiOHI, 00 MEPEHTH BiJl AKICHUX PE3yJbTaTiB A0 OTPUMAHHS KIJIbKICHHX Xa-
PaKTEpUCTHK JUIS PI3HUX BapiaHTIB MapaMeTpiB cXeM MPOBEACHHS BUPOOOK, CHCTEMaTH30BaHa 00-
poOKa SIKUX JO3BOJIUTH OAEP)KATH OCHOBHI MOJIOXKEHHS 1H)KEHEPHUX METOAMK.

Kro4oBi cjioBa: BUKU/, BYTJICTIOPIAHUN MacuB ripchka BUpoOka, SPH - MeTox MonentoBaHHS.

Abstract. The authors considered performance of the smoothed particle hydrodynamics (the
SPH method) applied for calculating a stress - strain state (SSS) of the coal-rock massif with taking
into account a possibility of the outburst occurrence. A basic task of the study was to obtain high-
quality results on aftereffects of the roadway mining by a blasting method in the rocks near-by with
the outburst-prone coal bed.

The research showed that the proposed method used for modeling the rock behaviour in the
process of mining operations made it possible to describe adequately the sudden outbursts. Rea-
sonability to present an outburst-prone coal bed in the form of a saturated-by-energy medium was
confirmed. Basing on the calculations made for the proposed scheme of the rock mining by the
blasting method it became possible to determine a moment and a point of the outburst occurrence
and to estimate aftereffects of the roadway space filling with the rock fragments.

The findings can be applied in further studies of the outburst process which are necessary in or-
der to transfer from qualitative results to quantitative results with testing various variants of the
mining parameters, and, with the systemized processing of the data, to create new engineering
methods.

Keywords: outburst, coal-rock massif, smoothed particle hydrodynamics (SPH) method for
simulation.
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OCOBEHHOCTHU UBSMEHEHUS JE®@EKTHOCTHU CTPYKTYPbBI
HAIIPSI)KEHHOI'O COCTOSAHUA YIJIEBMEINAKOINUX I''TUHUCTBIX
MHOPOA B YCJIOBUSIX TEKTOHUYECKOMN HAPYILIEHHOCTH

I'maaka O.B., kaHx. TexH. HayK
(I®T'TI HAH Ykpainn)
OCOBJUBOCTI 3BMIHU JAE®PEKTHOCTI CTPYKTYPU 1
HAIIPYXKXEHOI'O CTAHY BYI'VIEBMICHUX I'N"TIMHUCTHUX ITOPI/L B
YMOBAX TEKTOHIYHOI'O IIOPYIIEHHA

Gladkaya E.V., Ph.D.(Tech.)
(IPMP NAS of Ukraine)
FEATURES OF DEFECT STRUCTURE CHANGES AND STRESS
STATE OF CARBONACEOUS CLAY ROCKS IN CONDITIONS
OF TECTONIC DISTURBANCE

AHHoTauusi. Ha ocHOBe sKclepUMEHTANbHBIX JaHHBIX ObUI MPOBEICH aHAIU3 CTPYKTYpPHOIO
COCTOSIHMSI BMELIAIOIINX YTOJbHBIN IJIACT MOPOJ B 30HAaX TEKTOHMYECKOM HapymieHHocTd. C mo-
MOIIBI0 METOJIa PEHTTEHOCTPYKTYPHOT'O aHalli3a, OCHOBAaHHOI'O Ha SIBIEHUM AU(PPAKIUN PEHTIe-
HOBCKHUX Jy4e OT KpPHUCTaUIMYECKOTO BELIECTBA, BBIJIEIECHBI 00IME CTPYKTYpHbIE MPHU3HAKU, OT-
paxkarolue pa3IMYHyI0 CTEIEHb HAIPSHKEHHOTO COCTOSHUS YIVIEBMEIIAIOIUX TTIMHUCTBIX IOPOL.
VY cTaHOBIEHO HAJIM4YKE CABUTOBBIX JepopMaliil B CTPYKTYpE U3yd4aeMbIX MOPOJI, BEI3BAHHBIX Kaca-
TEJIbHBIMU HAIPSKCHUAMU, YTO JAET BO3MOXKHOCTBH IIPOTHO3UPOBATH HE TOJIBKO Pa3pbIBHBIE, HO U
BHYTPUIUIACTOBBIEC HAPYIIEHUS, K YUCIIY KOTOPBIX OTHOCSITCS MEJIKME B3AYTUS U MEPEKUMBI YT OJIb-
HOTO TUIACTa. BBIMOTHEHHbIE KOJUYECTBEHHAs M KaueCTBEHHAsl OLIEHKU J1e(EKTHOCTH CTPYKTYpPbI
IIOPOJL TIO3BOJIAT CYIIECTBEHHO MOBBICUTH HE TOJIBKO TOYHOCTH IIPOrHO3a TEKTOHUYECKUX HApyIlle-
HUM, HO ¥ 0€30MaCHOCTh BEJACHMSI TOPHBIX PA0OT B 30HAX UX BIMSHHUS.

KuroueBble cj10Ba: re0OrNYECKUE HAPYILIEHUs, CTPYKTYPHOE COCTOSIHUE, INIMHUCTBIE TOPOBbI,
HEIOCPEICTBEHHAs KPOBJIS.

Opnum U3 (PaKTOpOB, 3HAYUTEIHHO OCJIOKHSIOIIUM YCIOBUS OTPAOOTKU YIroJib-
HBIX MJIACTOB, SIBJISIETCS TEKTOHMYECKAsi HAPYIIEHHOCTh YIJIenopoaHOro Maccusa. Ee
HaJIM4Me, KakK MpaBUJIO, aKTUBU3UPYET Ta30JMHAMHYECKYI0 aKTUBHOCTH YTOJIbHBIX
IJIACTOB OCOOEHHO NP BCKPBITMM MEJIKMX TEKTOHUYECKHX (OpM B BUIE Majoam-
IUTMTYJHBIX Pa3pbIBHBIX HapylIeHUH (C aMIUIUTYyAOM cMmelienus miacta 10 10 m) u
MOp(}OJIOrMYECKON HApYIIEHHOCTH B BUJE TEKTOHUYECKHUX NEPEKUMOB U pa3ayBOB
MOIIHOCTH YTOJbHBIX IIACTOB.

B Hacrosimiee Bpems TaHHOW TeMe MOCBSIIEHO MHOTO Hay4dHBIX paboT. Ha ocHo-
BaHWU OCHOBHBIX 3aKOHOMEPHOCTEH M3MEHEHMs KaK (PU3UKO-MEXaHUYECKUX, TaK U
(u3nYeCKuX, B YACTHOCTU CTPYKTYPHBIX, CBOMCTB yIJIeH U yTJIEeBMEIAIONIUX Mecya-
HUKOB, pa3paboTaH psii METOJOB U CIIOCOOOB, MO3BOJIAIOMINX C TIOCTATOYHON TOYHO-
CTBIO IIPOTHO3UPOBATh MECTOIOJOKEHUE PA3IUYHBIX TEKTOHMYECKHX HapyLIEHUH,




